Introduction
For almost 70 years the USDA has collected data on volumes, origins, and transport modes of produce arriving in selected Metropolitan Statistical Areas (MSA'S) in the US and Canada (Table 1) . The data are published in Fresh Fruit and Vegetable Arrivals in Western Cities (USDA, 1985b (USDA, -1987b and Fresh Fruit and Vegetable Arrivals in Eastern Cities (USDA, 1985a (USDA, -1987a . There are two potentially important uses for these data, hereafter called "Arrivals."
The first is in tracking the volume of a commodity arriving at one or more specific locations. For example, California grape growers might use Arrivals information to evaluate the effectiveness of advertising in a specific market. The second use is in determining the distribution of produce from an origin. For example, Michigan apple growers might wish to know how much of their product is sold in different regions and how this compares to their competitors. One limitation faced in using the data for these purposes is uncertainty regarding the best method to transform information on Arrivals into data on the distribution of a product to all points. 1 This paper examines this problem and compares two alternative approaches (denoted the "Direct" and "Indirect" approaches) for generating distribution estimates with information from interviews with produce truckers as they exited the Florida Peninsula (denoted the "Objective" approach). In this paper, possible problems associated with estimating a distribution of produce shipments from Arrivals are discussed. Florida produce is used as a case study for illustrative purposes.
Some Considerations in Using Arrivals Data to Develop a Distrilmtion
The 27 Arrival cities used by the USDA, do not represent uniform coverage of the populations in their respective regions. These cities account for 21%, 45%, 25% and 35% of the total population for South, Northeast, Lake and West regions respectively (see Table 1 ). 2 If comparable proportions of the produce arriving in each city stay in that city, the proportion of all produce covered by Arrivals data would differ markedly across the regions. Next, appreciable amounts ofproduce reported in the Arrivals data are trans-shipped to points outside these MSA's. Percapita arrival vohtmessuggest that the extent of this trans-shipment differs across MSA's. Onaverage foreach city, 348 pounds of Arrivals per capita were reported in 1986 (Table  1) . For U.S. MSA'S this varied from 782 pounds per capita for Boston to 158 pounds per capita for Detroit. If the data is adjusted for USDA estimates of the percent of all Arrivals covered in the reports, per capita Arrivals varies from 824 pounds in Columbia, S .C. to 237 pounds for New YorkNewark. The per capita estimates across the Canadian cities are also quite variable. They tend to be higher than for the U. S., suggesting that the Canadian city population data does not encompass entire metropolitan regions to the extent that U.S. MSA population data does.
The salient point, however, is that there are large variations in per capita Arrivals across cities in both Canada and the U.S. This indicates the existence of correspondingly large variations in per capita consumption or in reshipment rates or both. However, it does not seem likely to the authors that consumption differences can explain a major share of the differences in per capita Arrivals. For example, there are no apparent reasons for hypothesizing differences in per capita produce consumption between New York-Newark and Boston, yet the per capita Arrivals for the latter are nearly four times that of the former (Table 1) . It seems more likely that there are significant differences across cities in the percentages of reported Arrivals that are trans-shipped.
The cities at which Arrivals data are gathered act as distribution points. Therefore, it seems likely that the total volumes of Arrivals in these cities are larger, per capita, than for other locations. If this is true, then an expansion of the Arrivals data by the ratio of the regional population to the Arrivals city populations would overestimate the total volume of produce shipped to points in the region. If the percentages that those overestimates represent of the total are consistent across regions, then they could be employed to estimate the distribution of Arrivals across regions. The likelihood of this occurring, however, appears remote.
There are no data available to determine if cities are representative of their regions with respect to the mix of Arrivals (i.e., the types and origins of the produce received). However, there are no apparent reasons for assuming that there should be such differences. Indeed, it will be argued below that a reasonable approach would be to use Arrivals to determine the mix, but not the level, of Arrivals in a region.
As previously noted, the USDA is aware that the Arrivals data do not cover all Arrivals in each city and that the percentages missed in each city are not comparable. For the U.S. cities, the USDA publishes the "Officers in Charge" estimates of the percent of Arrivals captured in the reports (Table 1). With the exceptions of Boston, St. Louis, and Detroit, all of these estimates fall between 8090 and 90%. Therefore, the percentages of all Arrivals in the reports appear to be reasonably consistent across cities.
WhiIe there is no way to confirm that the characteristics of the missed Arrivals are the same as for those which are covered in the USDA reports, there are no apparent reasons for suspecting that there are major differences.
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The preceding discussion, however, raises serious concerns regarding the direct use of Arrivals data for generating interregional distributions. Yet, this is almost always what has been done (see for example, Auburn and Sperling, Dow, Pavlovic et al., and Manalytics) . However, it is reasonable to use Arrivals for information regarding the market share in a Region of produce from an Origin, As argued above, due to differing intensities of coverage across regions by the USDA and differences across cities and regions regarding apparent reshipment rates, the validity of expanding the volume estimates generated by the USDA Arrivals is highly questionable. However, there are no apparent reasons for assuming that the points covered in the Arrivals are atypical with respect to the mix of commodities and origins for those commodities.
A simplifying assumption is made that per capita consumption is consistent across Regions. Based upon this, the Indirect Approach is defined in equation 2:
Approaches for Generating Interregional Distributions
The most straightforward methodology for generating an interregional distribution from the Arrivals data is to equate the proportion of all Arrivals from an origin point (usually a state) reported by the USDA that go to a region with the proportion of all shipments from the origin that go to the region. This will be referred to as the Direct Approach and is defined in equation 1 Again, this approach only depends upon the Arrivals data for market share information (the RHS term in parentheses in equation 2). It is based upon the philosophy that Arrivals are more properly viewed as a sampling to establish market shares, rather than as a direct barometer of the levels of all produce shipments.
As the measure of comparison, consider survey data regarding the destinations of produce from a specific origin (Florida). The distributions derived from these data (the Objective Approach) are assumed to be reasonably accurate approximations of the actual distribution. This is based upon the implicit assumption that the distribution of shipments not captured by the survey does not differ from those in the survey. The derivation for this distribution is presented in equation 3: (3) where sitj = volume shipped to region j from origin i at time period t from the trucker survey. 
Data
The principal data sources employed in this study are the Arrivals data from USDA ( 1985a USDA ( -1987a USDA ( and 1985b USDA ( -1987b , and survey data from an ongoing project described in Beilock, MacDonald, and Powers ( 1988) . The sample period is from November, 1984 , through November, 1987 . Within that period, data were collected for January, March, May/June, and November; a total of 9 points in time. The Origin is Florida, and the Regions are as defined in Footnote 2. For the truck Arrivals data, both Arrivals from Florida and total Arrivals from all origins were collected. The survey data consist of interviews with truck-,ers at the Florida Agricultural Inspection Stations (FAIS). These stations are arrayed along the 16 possible routes into the Florida Peninsula. The stations are always open and all trucks must stop to be inspected. It should be noted that the FAIS system does not cover movements from the Florida Panhandle, save for shipments routed through Northeast Florida. Produce production in the Florida Panhandle is insignificant relative to Peninsular Florida. In each survey month, interviews were conducted for two consecutive days and from 6:00 PM to 1:00 AM at the FAIS stations on US 1-10, US I-75, and US I-95. These routes account for between 80% and 90% of all produce shipped from the Florida Peninsula and the hours selected coincide with the highest flows. Across the thirteen survey periods, 5,568 interviews were completed. q Finally, the three interstates provide good geographic coverage, Refusal rates normally were less than 5%, and often as low as 2%. There are no apparent reasons to suspect that those refusing differ from the participants with respect to commodity mix or destinations. Nor are them apparent reasons for suspecting differences from those passing through other FAIS stations and for those passing the stations on other days of the same month. Therefore, the interregional distributions derived from the survey data are assumed to be reasonably accurate approximations of the actual distributions.
The survey data include shipments bound for all areas of the U.S. (except the Florida Peninsula) and Canada. The population of the Florida Peninsula was excluded from the total for the South ' The number of interviews in each survey period were: 
Methodology for Comparing Approaches

Multivariate tests
The comparison of the three approaches to generating interregional distribution is done initially using all aspects of the multivariate proportion vectors. Comparison here is equivalent to testing if the three approaches produce vectors that come from the same multivariate distribution. Usually such tests of multivariate distributions are performed using a generalized likelihood ratio statistic and assuming multivariate normality (Anderson, 1958) . Because the proportions in the vectors sum to one, a strong dependency among the components exists. This sum-to-one constraint on the proportion vector precludes use of a normal distribution and hence use of standard multivariate tests for comparing these vectors. Aitchison (1986) argues that such comparisons are more appropriately performed on a transformed data vector of the form '0) defined similarly. This transwith~~~) and~it formation reduces the dimension of the vectors to n -1, and eliminates the effect of the sum-to-one constraint. These data are also closer to being normally distributed. The choice of the component to use in the denominator of the ratio, i.e., X$:), is not critical to the analysis, but usually a component that is not close to zero is used.
The strategy for testing for differences in multivariate populations begins with the specification of the most complex model that could explain the data. This model usually has the largest number of parameters. The appropriateness of models of lesser complexity are tested by comparing the fit of this model to the fit of the most complex model. This comparison can, and is, usually performed using a generalized likelihood ratio test (Anderson, 1958) .
A series of hypothesized models can be examined in this manner until a model is found that cannot be further simplified.
The most complex model considered for the log ratio data vectors has each approach vector being multivariate normal with different mean vectors and variance-covariance matrices. Let The pooled variance -covariance estimate,
Sfp) = (TD + T1 + To)-1 (T~S(~) + T,S([) + ToS(o))
and the combined sample mean and variancecovariance estimates,
The problem of testing H, is the multivariate version of the awkward Behrens-Fisher problem. No explicit form for the maximum likelihood estimate exists but the following simple iterative procedure will result in the appropriate estimate. 
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Repeat steps 2 and 3 until convergence. Convergence usually occurs after seven to ten iterations.
To test the model H,, the test statistic is
TDIOge(lS(~H)[/l~(;)l) +
T1log@l~)[/[S(l)l) + Tolog.(lS(?H)l/lS( ?)l)
which is compared to a chi-square distribution with n -1 degrees of freedom. To test the model H2, the test statistic is
TDIO&.(lS(~)l/lS(~)l +
T1log@~)l/lS(:)l) + Tolog@~)l/lS(~)l)
which is compared to a chi-square distribution with n(n -1) degrees of freedom. To test the model H3, the test statistic is
TDIogc(lS(~)l/lS(~)l) + T,loge)lS(:)l/lS$ l]l) + Tolog.@:)[/\S(~)l)
which is compared to a chi-square distribution with (n+ 2)(n -1) degrees of freedom. If all three hypothesized models are rejected, then the most complex model, Ho, remains the best explanation of the data. Failure to reject a model indicates its appropriateness in explaining the data.
Univariate tests
The multivariate analysis approach provides no easy way to examine the regional differences between the methods in detail nor whether year-to-year or season-to-season differences exist. For this more detailed analysis, standard analysis-of-variance models were applied to the proportions as well as to the arcsine-square-root transformed proportions.
With each region being examined separately the sum-to-one constraint is not directly accounted for. Because of this equality, significant differences in the three approaches for one region will also show up as significant differences in one or more of the other regions.
Post-hoc comparison of estimated mean percentages assigned by the different approaches will be performed using the Wailer-Duncan Bayesian k-ratio (LSD) procedure with k-ratio = 100 (Chew, 1972) . (1) log likelihood vahre (2) degrees of freedom (3) significance probability
Results
Results for the test of the different models are given in Table 2 . It is clear that there are significant differences between at least two of the three approaches in mean vectors and covariance matrices. Differences in distribution of total produce by regionand method areillustrated in Figure 1 . In Figure 2 , a three-dimensional representation of the proportion of all vegetables for the three cate more to the Lake region. The Direct approach also produces less dispersed estimates than do the other methods, one reason the multivariate analysis rejects the model of equal variance-covariance matrices.
In Table 3 , the probabilities of significant differences among the three approaches after adjusting for year and season effects are presented. Notice that in every case there is very strong evidence (P<.001) of estimation approach differences. OnIy occasionally are year effects significant, but seasonal differences are almost always present, The analysis results reported here are on the raw proportions, but the conclusions are the same if the arcsine square-root transformation data are used.
The mean percentage assigned to each region by the three estimation approaches are given in Table 4 along with an indication of which means are statistically different.
In the Southern region, the Direct approach tends to estimate a lower proportion than either the Indirect or Objective approaches. The Indirect and Objective approaches are very similar for all four crop categories and are not statistically different for Citrus and Tomatoes.
For the Northeast, the Direct approach produces estimates that are statistically higher, from 9?70to NJARE 15%, than those of the Indirect and Objective approaches. For all four crops the Indirect and Objective approaches are statistically equivalent.
For the Lake region, the Direct approach tends to produce lower estimates than the Indirect and Objective approach. For tomatoes, the Indirect approach estimates are significantly higher than the other two methods. Due primarily to high variability, no differences between the methods can be shown for Mixed Vegetables even though the Direct approach is nearly 870 below the Objective method.
For the Western region, the Indirect approach estimates significantly lower proportions than the other two methods although for Citrus the three methods are very close. This is due primarily to the smaller populations in the Western U.S. which force the Indirect approach to allocate less of the produce to this region.
Application of the Direct and Indirect Approaches to Other Origin Regions
Distributions across four destination regions using both the Direct and Indirect approaches were cal- The commodities selected for each origin were the three with the highest interstate movement volumes (USDA 1987b) . Including Florida, these five origins account for nearly 80% of all interstate movement (USDA 1987b) of agricultural produce. As expected, the results between the two approaches differ considerably (Table 5 ). For California, Pacific Northwest, and to a lesser extent, Texas the main difference is a reallocation of produce in the Indirect approach away from the West in favor of the three other regions. For example, employing the Direct approach, 58.270 of the West's truck produce movements are to destinations in the West. Using the Indirect method, the share going to the West drops by a fifth to 46.870, the South and Northeast gain slightly, while the share going to Lake increases by two thirds from 14.5% to 24.39Z0. Considering the populations of these regions, and that California is known to market large volumes east of the Mississippi, the distribution using the Indirect approach seems much more plausible than that for the Direct approach.
By either approach, the majority of the Northeast produce is allocated to the Northeast, and most of the remainder to South. For Apples, Onions, and All Produce from the Northeast, the Indirect approach allocates less to South than does the Direct approach. For All Produce, this is primarily the result of reallocations to Lake (4.1 YOversus 2.7qo). For Apples and Onions the reallocation from South is primarily in favor of the Northeast. The Indirect approach seems to correct for the much more intense sampling in the Northeast and lower intensity of sampling in the South relative to the other regions (as indicated by the proportions of each region's population in the Arrivals cities). Therefore, the Indirect approach should allocate relatively more to the Northeast, ceteris paribu.s. This seemingly perverse reallocation of Apples and Onions reflects low market shares for these products in the South. That is, the proportions of all Apples and all Onion Arrivals from the Northeast to the arrival cities in the South are sufficiently low relative to their shares in the Northeast to counteract the sampling intensity correction. An examination of allocations for these products from Texas and Pacific Northwest reveals the same pattern.
Summary and Conclusions
This paper has explored the proper use of USDA's Arrivals data in determining the distribution of produce from an origin to various regions of the U.S. and Canada. Two approaches were employed: the direct use of Arrivals, equating its distribution with that for all produce; and an indirect approach that relies upon Arrivals only for information regarding market shares. To the authors' knowledge, the former approach has always been used. However, the latter approach was hypothesized to be superior as it avoids problems related to differing percentages of regional populations accounted for by the cities used for Arrivals, less than universal coverage within those cities, and trans-shipments out of the cities.
Estimates of the distribution of produce from Florida to four regions of the U.S. and Canada using the two approaches were compared with the results obtained from interviews with truckers as they exited the Florida Peninsula. The results suggest that the proposed indirect approach is far superior. Assuming the survey data (Objective approach) represents the correct allocation of produce, the Direct approach misassigned 32% whereas the proposed Indirect approach only misassigned 7%. Comparison of the Direct and Indirect approaches was also made for major commodities from three other sources in the United States. In each case the Indirect approach provided a more plausible allocation of produce.
These findings imply that use of the indirect approach could enhance knowledge of interstate movements of produce. In addition, if information regarding regional differences in per capital produce consumption were available, the method could be further improved.
